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Abstract
Introduction:  Strong and ever-growing evidence highlights the effectiveness of recovery housing in supporting and sustaining substance use disorder (SUD) recovery, especially when augmented by intensive support that includes assertive linkages to community services. This study aims to evaluate a pilot intensive recovery support (IRS) intervention for individuals (n=175) entering certified Level II and III recovery residences. These individuals met at least three out of five conditions (no health insurance; no driving license; substance use in the last 14 days; current unemployment; possession of less than $75 capital). The study assesses the impact of the IRS on engagement, retention, and changes in recovery capital, compared to the business-as-usual Standard Recovery Support (SRS) approach (n=1,758).
Methods: The study employed quasi-experimental techniques to create weighted and balanced counterfactual groups. These groups, derived from the Recovery Capital (REC-CAP) assessment tool, enabled comparison of outcomes between people receiving IRS and those undergoing SRS.
Results: After reweighting for resident demographics, service needs, and barriers to recovery, those receiving IRS exhibited improved retention rates, reduced likelihood of disengagement, and growth in recovery capital after living in the residence for 6-9 months.
Conclusion:  The results from this pilot intervention indicate that intensive recovery support, which integrates assertive community linkages and enhanced recovery coaching, outperforms a balanced counterfactual group in engagement, length of stay, and recovery capital growth. We suggest that this model may be particularly beneficial to those entering Level II and Level III recovery housing with lower levels of recovery capital at admission.
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1. Introduction
Individuals with a substance use disorder (SUD) characteristically demonstrate a continuous pattern of substance use and related risky behaviors despite experiencing progressively adverse consequences. This behavior affects relationships, health and well-being, daily functioning and inflicts considerable social harm. From a criminological perspective, the impact of addiction is also evident in high rates of arrest, incarceration, and reoffending behaviors (Evans et al., 2011). Recovery from SUDs is a multifaceted and personalized journey that requires consistent and prolonged efforts to enhance overall well-being (Best et al., 2016). Key domains of recovery include improved physical and mental health, societal participation, control over substance use, a fulfilling life, and reaching one's potential (White, 2007). Recovery capital (RC) is an especially important construct in mapping the success of addiction recovery as it provides the building blocks for overcoming the challenges of recovery and maintaining long-term sobriety. RC refers to the internal and external resources that an individual can access in their journey to recovery, including social support, financial stability, housing, and personal and community resilience (Cloud & Granfield, 2008). When an individual enters addiction treatment and additionally receives non-clinical recovery support services, they stand to benefit because these services address substance use and foster the development of recovery capital (Hennessy, 2017).
Residential settings, such as recovery housing, are well suited to building recovery capital (Cano et al., 2017). Recovery residences can provide structure, support, and an environment that motivates an individual to form positive habits and behaviors during their recovery journey. Compared to those attending only outpatient treatment, individuals attending outpatient treatment and living in recovery housing often achieve a more satisfactory discharge and experience longer stays in outpatient treatment (Mericle et al., 2019). Recovery housing supports a diverse range of individuals at different stages in their recovery journey and often follows inpatient treatment to strengthen progress and strengthen the skills necessary for sustained recovery. Two well-studied models of recovery housing are Oxford Houses (OHs) and Sober Living Houses (SLHs) in California. Oxford Houses are peer-run, self-governed, and democratic living settings where all costs and responsibilities for day-to-day operations are shared among the residents (Jason & Ferrari, 2010). California Sober Living Houses, on the other hand, are more structured living environments, as there is a house manager (often a senior or former resident) for the residence who is responsible for overseeing the day-to-day operations of the residence (Mericle et al., 2019; Polcin & Henderson, 2008).  Both provide a supportive and drug-free living environment for individuals in recovery.
In the United States, the National Alliance for Recovery Residences (NARR) sets standards for various recovery residences, aiming to elevate the quality of recovery housing (NARR, 2018). The NARR Standard delineates four types of recovery housing based on the level of support provided to residents living in them. Level I residences are peer-run and provide peer support only, such as in the OH model. Level II residences also provide peer support but are “monitored” by a house manager, such as in the California SLH model. Level III and IV residences build upon the support provided by Levels I and II but add additional services such as non-clinical recovery support (Level III) and/or clinical services (Level IV). Regardless of level, recovery residences can play a key role in the lives of individuals in recovery through the development of recovery capital (Cano et al., 2017; Polcin et al., 2021).
Recovery residences can enhance recovery capital by using “assertive linkage” to boost the quality and continuity of care for individuals recovering from addiction. Assertive linkage delivers services like transportation or the facilitation of mutual aid engagement, ensuring individuals can reach treatment facilities, support groups, and other vital resources. Through connecting individuals engaging with recovery support to these resources, recovery residences actively foster the growth of recovery capital. Introducing individuals to a like-minded community can ensure that they receive the timely and appropriate support and resources needed to overcome their substance use. This will also reduce the risk of future drug-related criminal activities through processes of peer-supported engagement and by providing transportation (Manning et al., 2012; Timko et al., 2006). Assertive linkage to social and community capital supports residents in building healthy coping skills, reducing the likelihood of reoffending, and ultimately overcoming addiction (Godley et al., 2007). By improving overall well-being and reducing criminal activity, assertive linkage benefits individuals, creates safer communities, and reduces the strain on criminal justice resources (Best et al., 2017). With respect to the current study, assertive linkage plays a differentiating role between our IRS and SRS groups.
The field of addiction treatment has advanced significantly with the development of evidence-based and “just-in-time” interventions (Kornfield et al., 2018; Naughton et al., 2021), but for those with more severe substance use, identifying the intensity of needed treatment and post-treatment recovery support services is especially important. The intensity of interventions for someone at high risk of a substance use disorder could largely determine whether they achieve a successful recovery outcome. Those with a more severe substance use disorder proportionally require more intensive and prolonged treatment and recovery support services to overcome their addiction (De Leon et al., 2008; White, 2008). The current paper builds on recent work on recovery capital research using administrative data collected in recovery residences. This study examines outcomes using the Recovery Capital (REC-CAP) Assessment Tool (Best et al., 2023; Härd et al., 2022). Previous findings with this tool show that retention in recovery housing associates with reduced barriers to recovery and growth in recovery strengths. Using data from residents entering recovery housing operated by members of the Virginia Association of Recovery Residences (VARR), this study sought to examine differences between those entering residences who received intensive recovery support (IRS) services (involving assertive linkage to a range of community capital resources), and those receiving standard recovery support services (SRS). Using statistical techniques to balance residents who received IRS vs. SRS on demographic and other clinical characteristics, the analysis examined differences in engagement, length of stay, and change in recovery capital from the baseline assessment. The analyses were based on the following hypotheses:
H1. Those in the IRS group will have lower disengagement rates after their initial assessment than those in the SRS group;
H2. Those in the IRS group will stay longer in the residence than those in the SRS group;
H3.  Those in the IRS group will gain more recovery capital over time than those in the SRS group.

The findings from this study can highlight the added value of providing residents intensive recovery support early in their stays, particularly among individuals at high-risk or those who are otherwise underserved. By comparing these two recovery residence groups, this study can also provide preliminary support for assertive linkage and resident matching interventions delivered in recovery residence settings.
2. Methods
2.1 Setting and Participants
This study included a total of 101 VARR residences in the analysis. The residences are primarily single-sex residences for males and females in recovery from alcohol or other substance use disorders (one residence is gender neutral, specifically serving the LGBTQIA+ community). The residences are located throughout Virginia, primarily in residential neighborhoods, and had a mean of 9.4 residents with a range of 3-21 at the time of data collection. VARR residences operate at Level II and Level III, as defined by NARR, but common to all residences is recovery support for abstinence, general well-being, and community reintegration. Data for this study came from an administrative dataset containing information on a total of 1,933 residents who began treatment between February 2020 and August 2022. All residents completed a baseline REC-CAP assessment typically within 72 hours of admission to the residence. The analysis only included data from resident if they signed a consent for their data to be used for research purposes. Within our sample, 175 were VARR-certified IRS clients and 1,758 were business-as-usual SRS clients. Residents completed the REC-CAP once again at 45 days, 90 days, and at 90-day intervals thereafter, with 1,287 individuals completing more than one assessment. 
2.2 Intervention
To qualify for the VARR Intensive Program, new residents had to meet a minimum of three of the following five conditions which are indicative of high service need:
a. Missing, expired, and/or no health insurance
b. Missing, expired, and/or no driver’s license and/or Identification Card
c. Currently unemployed
d. Current financial capital under $75.00
e. Last use of substances under 14 days
If the client met three out of five of the conditions during the baseline completion of the REC-CAP, the recovery navigator contacted the VARR office for approval. Once approved (all qualified residents received approval), the resident was offered the intensive 30-day program (IRS), which consisted of the following support services:
i. Weekly Stipend - A weekly stipend of at least $60 (USD) to be used for groceries or on toiletries, hygiene products, clothes, and bedding if needed. 
ii. Transportation - This included transportation to various recovery-related services or appointments to meet the resident’s recovery needs (e.g., addiction specialist appointments, prescription pick up, in-person therapy/counseling, grocery store, and criminal justice appointments).     
iii. Day Program – Structured daily (7 days/week) recovery programming consisting of recovery or skill-building-related classes, curriculum, peer support groups and/or support groups. Day programming occurred off-site of the recovery residence. Day programming was delivered by a combination of recovery housing staff, volunteers, and paid service providers.
iv. Recovery coaching/mentoring – This service consisted of one-on-one peer support and mentoring, which included the development of a recovery plan based on the REC-CAP. Recovery coaching/mentoring was performed by staff of the recovery residence organization. It occurred on-site and off-site, although predominantly off-site from the recovery residence.

2.3 Measures
We collected resident data using the REC-CAP, a validated assessment of recovery capital assessment (Cano et al., 2017). The REC-CAP assessment measured both positive and negative recovery capital at each administration. Positive recovery capital, or outcomes that enhance one’s recovery journey, used five strength domains to assess overall well-being, commitment to sobriety, personal, social, and community capital. This produced an overall score ranging from 0 to 100 and followed the method reported in Best et al., (2023). A total score of negative recovery capital, or outcomes that complicate or hinder recovery combines five items assessing barriers to recovery to seven unmet needs, to give a score ranging from 0 to -100. This allows a total Overall Recovery Capital Score (ORCS) to be calculated for each resident with a possible range of scores from -100 to 100. Specialists in recovery settings designed this assessment to provide measures for recovery care planning, administering it on a 90-day completion and review cycle. The Advanced Recovery Management System (ARMS - an online system that VARR residences use) managed the REC-CAP data and monitored recovery capital growth. A designated peer navigator from VARR conducted daily checks to identify residents due for their next assessment. Those due would meet with the peer navigator at the residence and subsequently complete the follow-up assessments online.

2.3.1 Outcomes  
We used three outcome measures to evaluate the effectiveness of the interventions. Our first outcome measure was the retention rate of residents in the recovery homes, created by dichotomizing residents who had an initial assessment and then failed to complete subsequent REC-CAP assessments from those who did. The second outcome measure was the length of stay in the recovery house, defined as the time (in days) between their admission and discharge dates. Finally, we monitored recovery capital changes from baseline over time, using the recovery capital metrics obtained from the REC-CAP instrument. The REC-CAP includes a 50-item scale measuring personal and social recovery capital representing the Assessment of Recovery Capital Score [ARC Score] (Groshkova et al., 2013). Retention rates in the recovery residences will serve as a proxy outcome for the effectiveness of residence engagement, as longer stays in the recovery homes are generally associated with better outcomes (Hser et al., 2004). 

2.3.2 Prognostics
The REC-CAP incorporates sociodemographic information on each resident (age, sex, ethnicity) with perceptions of five components of wellbeing: psychological and physical health, quality of life, support networks, and housing satisfaction measured on scales of 0-20. We measured barriers to recovery (accommodation, substance use, risk-taking, involvement with the criminal justice system and levels of engagement with work, training and volunteering) via a dichotomous yes/no scale. We also measured residents' needs through a series of eight questions relating to: the perceived need for drug, alcohol, and mental health treatment, housing support, employment services, primary healthcare support (medical services), family relationship support and other support services. Each question in this series had a dichotomized yes/no response.

2.4 Statistical Analysis
To balance the IRS and SRS groups across prognostics, we employed methods outlined by Hernán and Robins (2020) to establish counterfactual populations. Our analytical framework utilized two approaches to create a counterfactual group of individuals who received the intervention. To understand differences in engagement and retention length, we considered 21 prognostics recorded for each resident: five barriers, eight needs, sex, age, ethnic background, psychological health, physical health, accommodation status, quality of life perceptions, and the extent of a person's support. Except for sex (whose distribution between groups was already even, see Table 1), all prognostics entered the binary model of treatment allocation to derive Inverse Probability Weights for rebalancing the distribution of the prognostics across the intervention types. To estimate average treatment effects, weights were coupled to a Regression Adjustment (IPWRA), conducted by the commands “teffects” for disengagement and “stteffects” for retention length in Stata Release 16. A plot of absolute standardized mean differences between intervention groups before and after weighting, as recommended by Austin and Stuart (2015), is presented in the Supplementary Material (Supplementary Figure 1). The distribution of the twenty prognostics across the two interventions was much more balanced following the weighting process, which we confirmed using an overidentification hypothesis test (Imai & Ratkovic, 2014).
Our second analytical approach was to model change from the baseline REC-CAP score over up to six assessments after the initial assessment. Here we fit a marginal structural model for repeated measures (MSM), which is a two-step process. First, the analysis method required computing inverse probability weights in their stabilized version over multiple time points. These are weights used in statistical modeling to adjust for confounding variables by creating a 'pseudo-population' in which the treatment assignment is independent of the confounders, thus allowing one to estimate the causal effect of the treatment alone. The analysis incorporated stabilized weights (i.e., sum of the total of weights within one group should be 1) as to reduce variability in the model estimates. This approach addresses such time-varying confounders as described by Hernán and Robins (2020). In this method, each individual is weighted based on the inverse of the conditional probability of receiving the treatment they received, modeling treatment allocation as a binary outcome.
After, this study proceeded to investigate the change from baseline REC-CAP score over assessments using a Generalized Estimating Equation (GEE) model for examining changes over time with an independent working correlation that included the stabilized weights, with interest focusing on differences between interventions over assessments. The marginal model created the counterfactual group in which all measures including time-varying confounders were balanced. This model was conducted using the methodology outlined in Faries and Kadziola (2010) and included seven prognostics: baseline REC-CAP score, age, gender, ethnicity, assessment number, intervention, and assessment number-by-intervention interaction. For this component, the authors conducted the modeling using SAS (University Edition). More information about this process can be found in the Supplementary Material.


3. Results
3.1 Comparison of IRS and SRS groups
	Of the 1,933 residents who completed a baseline REC-CAP assessment, 1,758 received SRS (91%) and 175 (9%) received IRS. Before weighting, all prognostics showed marked discrepancies across the two groups, notably for ethnicity, with 77.1% of IRS residents being white compared to 65.2% of SRS residents. All six numerical prognostics show discrepancies in the mean value between intervention groups, especially age, where IRS residents were, on average, 3.5 years younger than SRS residents. Overall, the IRS group presented as more complex, with more recovery barriers and unmet needs. The REC-CAP score was notably lower in the IRS group (mean 31.1) than in the SRS group at the intake assessment point (38.1). 

#INSERT TABLE 1 ABOUT HERE#

3.2 Engagement and Retention
Table 2 presents results from the counterfactual models for estimating average treatment effects (Hernán & Robins, 2020). The models show what the impact would be if all residents in this study were to move from SRS to IRS. In such a scenario, the models indicate an estimated 17.8 percentage points decrease (from 34.8% to 17.0%) in disengagement rate from the recovery residences, with 95% CI (12.4, 23.3). The more intensive intervention resulted in a higher percentage of residents remaining in recovery housing. If all residents in this study were to be moved from SRS to IRS, those who remain engaged would be retained on average for 48 days longer (from 207 to 255 days), with 95% CI (0, 96.5).  Given our data, this implies that more intensive interventions positively affect engagement rate and retention length relative to support-as-usual approaches. 

#INSERT TABLE 2 ABOUT HERE#

3.3 Changes in Recovery Capital
	We further examined changes in the REC-CAP scores in each intervention group relative to the initial baseline REC-CAP score (defined as Assessment 0) in models that included weights to balance the groups. Figure 1 shows that at the third assessment (at around 90 days) after baseline, the predicted change from the baseline REC-CAP score eliminated the gap between the IRS and SRS. There was also a noticeable increase in the predicted mean change from the baseline REC-CAP assessment to the sixth and final assessment (between 9 months and one year after the baseline assessment). However, the number of residents receiving this final assessment for the intensive group was too small (n=8) to derive firm conclusions. Table 3 presents step-down Holm multiplicity-adjusted p-values and Bonferroni-adjusted 95% confidence intervals using estimated effect sizes and their precision (Lang & Altman, 2013). While the mean change in REC-CAP score from baseline is lower in the IRS group than in the SRS group in the first two follow-up assessments, the trend is reversed over assessments 3, 4 and 5, with a steady increase over time. It is not until assessment 6 that the estimated treatment difference becomes statistically significant, at 5.3 units higher in IRS than in SRS residents, though not precisely estimated as its 95% CI is wide (0.4, 10.2), due to the few residents across all IRS assessments, particularly by assessment 6. However, it should be noted that over time, both models show improvements in recovery capital; changes in the intensive model are more marked though.  
	 
#INSERT FIGURE 1 ABOUT HERE#
#INSERT TABLE 3 ABOUT HERE#

4. Discussion
Research on recovery housing consistently shows positive outcomes, particularly with respect to reduced substance use and improvements in functioning, including increased employment and reductions in criminal activity (Reif et al., 2014). Research in the field is increasingly turning to examining factors that drive improved outcomes, such as gains in recovery capital and interventions that can be delivered in the context of recovery housing to further enhance outcomes (Polcin et al., 2018; Witbrodt et al., 2019). Using statistical techniques to strengthen causal inference by creating weighted counterfactual groups, the present study examined differences in engagement, length of stay, and gains in recovery capital between residents who received IRS (which included peer recovery coach and assertive linkage to mutual aid and appointment attendance) compared to SRS. 
Although crude measures showed that SRS residents stayed longer, once balanced on key prognostics, IRS residents performed better. Indeed, models estimating the average treatment effects for residents in both groups found that those in the IRS group had lower rates of disengagement and longer retention in recovery residences compared to those in the SRS group. This study also demonstrates that providing enhanced recovery housing services can positively affect not only retention but also recovery capital as measured by the REC-CAP instrument, with positive recovery capital trajectories across the sample but significantly greater gains over time among those provided with intensive support in the initial period of their stay. It would appear that the intensive support creates the foundations on which recovery capital can be built. 
Our analyses show a nuanced relationship with changes in recovery capital over time, such that improvements for the IRS group become more marked relative to SRS clients by the third assessment at around 90 days, suggesting a key point at which intensive interventions may become embedded in behavioral changes. Recovery capital encompasses the personal resources individuals utilize to initiate and maintain their recovery journey, providing the necessary support for continued progress long after leaving recovery housing. To the extent that recovery housing and services provided therein can foster gains in recovery capital, the results of this study are demonstrative of how recovery housing may contribute to improved outcomes.
Due to the raw retention rate outwith our model, we were unable to draw firm conclusions at the sixth assessment. Given national averages for recovery housing retention in the United States, the expectation is that most individuals are discharged within the first 3 months. Factors such as personal commitments, family, and the speed at which an individual recovers also play a deterministic role in their tenure. While 8 individuals remained in recovery housing at the sixth assessment (which is close to a one-year tenure), our data indicate that more than half of the IRS individuals (n=96) remained at the recovery residences past the 90-day mark. This exceeds expectations based on average recovery residence stays. As the intensive support is modeled after an in-patient treatment approach, the observed retention in the IRS group is promising, especially considering the inherent challenges of the population within this study.
Further research is needed to investigate the sensitivity and specificity of the REC-CAP in identifying high-needs groups for targeted interventions. The present study builds on our earlier work (Best et al., 2023; Härd et al., 2022) which suggests that certain demographic groups (i.e., age, gender, and/or ethnicity) may be more at risk of early drop-out. Baird et al. (2022) also note demographic differences in SUD treatment retention. In this study, specific criteria indicative of greater service needs, not REC-CAP scores, determined the allocation of residents into the IRS group. However, data collected in REC-CAP enabled the balancing of the intervention group with a derived counterfactual group based on resident demographics, service needs, and barriers to recovery. This highlighted the IRS group as more complex, with more unmet needs and recovery barriers, suggesting that the REC-CAP may be useful in identifying residents needing additional support and services during their recovery residence stay. 
Importantly, this study also points to the types of support and services that high-risk and underserved residents may need during their recovery housing stay. In addition to recovery support for abstinence, general well-being, and community reintegration that all residents in VARR houses benefit from, those in the IRS group also received support for basic needs (a modest stipend and transportation support) as well as enhanced recovery support services including an assessment of recovery needs and recovery planning as well as linkages to recovery programing and services to address other needs.  It is common in Level II and Level III residences that house managers and peer recovery specialists act as “community connectors” to provide support to individuals who may be vulnerable at the onset of recovery (McKnight & Block, 2011). The findings from this study reflect the importance of this additional support, as providing transportation and building community contacts builds effective scaffolding around individuals in the initial stages of recovery journeys. Careful assessment of the SUD severity and levels of recovery capital at treatment onset using the REC-CAP instrument could inform individualized clinical decisions related to the intensity of treatment recovery support services that an individual needs. 
The present study also emphasizes the benefits of using strength-based measures (i.e., the REC-CAP assessment tool) to evaluate recovery interventions. It can help identify populations at high-risk of premature service disengagement and adverse post-treatment outcomes. This knowledge can inform the design and delivery of peer-based recovery support services via recovery coaches, guides, and mentors. Studies have yet to be conducted on individualized assessment to determine differences in the intensity and duration of such support across individuals and special populations. The findings of this study suggest the potential value in such a determination; however, this study has limitations that should be addressed. Although we created weighting to derive a balanced counterfactual group compared to intervention through quasi-experimentation of a pilot program, we note the need for a randomized controlled trial with a larger sample of individuals receiving IRS for conclusive results. Despite this, the study uses innovative methods and serves as a foundation for a more systematic assessment of the impact of intensive support on both retention and recovery capital building in recovery residences.
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